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(57) This Invention provides a polyennizable com- 
position for a lens with a high refractive index compris- 
ing: (a) at least one polythlol compound of general for- 
mula (1): 



by general formula (2): 

HS-R^-S-r\ (2) 



(2) 



R-{SCH2SH)„ 



(1) 



where R is an organic residue which is not an aromatic 
group and n is an integer of at least 1, having at least 
two mercapto groups; and (b) at least one compound 
having a functional group which can react with a mer- 
capto group; a resin prepared by polymerizing the com- 
position; an optical element and a lens made of the res- 
in; and a process for preparing a thiol compound com- 
prising the steps of reacting a compound represented 



where m is an integer of at least 1 ; R"" represents an 
aromatic, aliphatic, alicyclic or heterocyclic organic res- 
idue or aliphatic, alicyclic or heterocyclic organic residue 
with an aromatic ring or a sulfur atom in its chain; and 
R^ represents a protective group, with a compound hav- 
ing a functional group which can react with a mercapto 
group, and then converting -S-R2 into -SH. 
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Description 



[0001] This invention relates to a resin, its use as an optical material such as a plastic lens, a prism, an optical fiber, 
a substrate for an information recording medium, a filter and a light emitting diode; a polymerizable composition used 
as a raw material for the resin; and a novel polythlol compound for use in the polymerizable composition. Particularty, 
these may be surtabiy used for an eyeglass with a higher refractive index. This invention also relates to a novel process 
for preparing a thiol with higher sulfur content. A thiol compound prepared by the process, in particular a polythiol 
compound, may be used as a raw material for preparing an episulf ide compound or a resin used for an optical material 
such as a plastic lens, a prism, an optical fiber, a substrate for an infonrnation recording medium, a filter and a light 
emitting diode. Particularty, it may be suitably used for an eyeglass with a higher refractive index. 
[0002] A plastic lens is lighter and less brittle than an inorganic lens, and dyeabte, which has been therefore rapidly 
prevailing in the fields of optical devices such as a lens of eyeglasses and a camera lens. Such a plastic lens has been 
required to exhibit higher performance: e.g., a higher refractive index, a higher Abbe number, a lower specific gravity 
and improved heat resistance. Various resin materials for a lens have been developed for practical use. Among those, 
plastic lenses made of a polythlourethane resin proposed by us have been widely used, which have been disclosed 
in JP-As 60-199016, 62-267316 and 63-46213. 

[0003] We have further achieved improvement of a refractive index by increasing a sulfur content in a thiol used for 
a polythiourethane as described in JP-As 2-270859 and 7-252207. 

[0004] Since further improvement in a refractive index has been, however, required, an episulfide resin has been 
proposed (JP-As 9-11 0979, 9-71580, 9-255781 and 10-298287. 

[0005] According to the processes, a higher refractive index can be achieved while maintaining a relatively higher 
Abbe number. However, although a polythburethane resin from a conventional thiol compound may improve a refractive 
index to some degree, it may have a deficiency of reduced heat resistance which is one of important physical properties, 
depending on the type of the thiol used. Meanwhile, it has been found that an episulfide resin is less impact-resistant 
than a polythiourethane resin. 

[0008] Thus, there has been a need for improved balance among a refractive index, heat resistance and impact 
resistance in a conventional resin with a higher refractive index. 

[0007] There have been various attempts to prepare a thiol compound with highersulfurcontentfor a higher refractive 
index in a polythiourethane resin. The goal has not been achieved because a useful preparation process has not been 
established. 

[0008] That is, It is necessary to develop a method for easily preparing a thiol compound with high sulfur content. 
[0009] Preferred embodiments of the invention may enable one to attain one or more of the following objectives. 
[0010] An objective is to provide a polythiol compound which can provide an optical material made of a poly- 
thiourethane resin with improved balance among a refractive index, heat resistance and impact resistance. 
[001 1 ] Another objective is to provide a resin composition which can provide a polythiourethane resin with Improved 
balance among the above properties. 

[001 2] Further objective is to provide a polyurethane resin witii improved balance among the above properties, which 
is made of the above resin composition, as well as an optical material made of the resin, particularty a plastic lens. 
[0013] Further objective is to provide a novel process for conveniently preparing a thiol compound with higher sulfur 
content. 

[0014] This invention relates to a polythiol compound represented by the general formula (1): 



where R is an organic residue except an aromatic ring and n is an integer of at least 1 , having at least two intramolecular 
mercapto groups; a polymerizable composition for a lens with a high refractive index comprising at least one said 



polythiol compound and at least one compound having an intramolecular functional group which can react with a 
mercapto group; a resin prepared by curing the composition; an optical element made of the resin; and a lens consisting 
of the optical element. 

[001 5] A preferred embodiment is a resin with a high refractive index, high heat resistance and high impact resistance 
with good balance. 

[001 6] Furthemiore, we have found out a novel route to a thiol compound, and as a result, succeeded in preparation 
of a thiol compound with high sulfur content comparatively easily. 

[0017] In another aspect, this invention relates to a process for preparing a thiol compound comprising the steps of 
reacting a compound represented by general fomiuta (2): 



R-{SCH2SH)n 



(1) 
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HS-r'(-S-R^)^ (2) 

where m is an integer of at least 1 ; represents an aromatic, aliphatic, alicyclic or heterocyclic organic residue or 
aliphatic, alicyclic or heterocyclic organic residue with an aromatic ring or a sulfur atom in Its chain; and R^ represents 
a protective group, with a compound having a functional group which can react with a mercapto group, and then 
converting -S-R^ into -SH. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Figs.1 to 4 show IR, MS, "^H-NMR and 1%>NMR spectra for the compound prepared in Example 3; and 
Figs.5 to 8 show IR, MS, "^H-NMR and 'i^C-NMR spectra for the compound prepared in Example 4. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0019] This invention will be described in detail. 

[0020] A compound represented by general formula (1) used in this invention is characterized in having a irisix^- 
tomethylthio group wherein when n is 1, R representing an organic residue except an aromatic ring has at least one 
/nercapto group and when n is 2 ormore, the organic residue R may have a mercapto group or not. Thus, the compound 
has at least two intramolecular mercapto groups. Herein, R represents an organic residue except an aromatic ring; 
preferably, a straight or branched aliphatic, alicyclic or heterocyclic organic residue. A straight or branched aliphatic 
organic residue may have a sulfide or polysulfide bond in its chain. An alicyclic organic residue, in which a mercap- 
tomethylthio group attaches to a ring cartson atom, may have an exocyciic sulfide or polysulfide bond. A heterocyclic 
organic residue, in which a mercaptomethylthio group attaches to a substitutable atom, may have an endocyclic or 
exocyciic sulfur-containing sulfide or polysulfide bond. 

[0021 ] Examples of a polythiol compound represented by general fomnula (1 ) include, but not limited to, 1 ,2,5-trimer- 
capto-4-thiapentane, 3,3-dimercaptomethyl*1 ,5-dimercapto-2,4-dithiapentane, 3-mercaptomethyl-1 ,5-dimercapto- 
2,4-dithiapentane, 3-mercaptomethytthio>1 ,7-dimercapto-2,6-dithiah'eptane, 1 ,2,7-trimercapto-4,6-dithiaheptane, 
3,6-dimercaptomethyl-1 ,9-dimercapto-2,5,8-trithianonane, 1 ,2,9-trimercapto-4,6,8-trithianonane, 3,7-dimercaptome- 
thyl-1 ,9-dimercapto-2,5,8-trithianonane, 4,6-dimercaptomethyl-1 ,9-dimercapto-2,5,8-trithianonane, 3-mercaptome- 
thyM ,6-dimercapto-2,6-dithiahexane, 3-mercaptomethytthio-1 ,5-dimercapto-2-thiapentane, 1 ,1 ,2,2-tetrakis (mercap- ^ 
to methylthio)ethane , 1 . U.S-tetrakisCmercaptomethvlthio) propane . 1 ,4,8, 1 1 -tetramercapto-2,671 0-trithiaundecane, 
1,4,9,12-tetramercapto-2,6,7,11-tetrathiadodecane, 2,3-dithia-1 ,4-butanedithiol, 2,3,5,6-tetrathia-1,7-heptanedithiol, 
2,3,5,6,8,9-hexathia-1 ,1 0-decanedithiol. 

[0022] These polythiol compounds may be used alone or in combination of two or more. 

[0023] A polythiol compound other than a polythiol compound represented by general formula (1 ) may be, if neces- 
sary, combined. 

[0024] Examples of a compound which may be combined include aliphatic polythiol compounds such as methan- 
edithbl, ethanedithiol, 1,1-propanedithiol, 1 ,2-propanedithiol, 1 ,3-propanedithiol, 1 ,6-hexanedithiol, 1 ,2.3-propane- 
trithiol, 1 ,1 -cyclohexanedithiol, 1 ,2-cyclohexanedithiol, 2,2-dimethylpropane-1 ,3-dithiol, 3,4-dimethoxybutane- 

1.2- dithiol, 2-methylcyclohexane-2,3-dithiol, 1,1-bis(mercaptomethyl)cyclohexane, bis(2-mercaptoethyl) thiomalate, 

2.3- dimercapto-1 -propanol (2-mercaptoacetate), 2,3-dimercapto-1 -propanol (3-mercaptoproplonate), diethyleneglycol 
bis(2Hnencaptoacetate), diethyleneglycol bis(3-mercaptopropionate), 1 ,2-dimercaptopropyl methyl ether, 2,3-dimer- 
captopropyl methyl ether, 2,2-bis(mencaptomethyl)-1 ,3-propanedithiol, bis(2-mercaptoethyl) ether, ethyleneglycol bis 
(2-mercaptoacetate), ethyleneglycol bis(3-mercaptopropionate), trimethylolpropane bis(2-mercaptoacetate), trimeth- 
yiolpropane bis(3-mercaptopropionate), pentaerythritol tetrakis{2-mercaptoacetate), pentaerythritol tetrakis(3-mercap- 
topropionate) and tetrakis(mercaptomethyl)methane; 

aromatk: polythiol compounds such as 1 ,2-dimercaptobenzene, 1 ,3-dimercaptobenzene, 1 ,4-dimercaptoben- 
zene, 1 ,2-bis(mercaptomethyI)benzene, 1 ,3-bis(mercaptomethyl)benzene, 1 ,4-bis(mercaptomethyl)-benzene, 1 ,2-bis 
{mercaptoethyl)benzene, 1,3-bfs(mercaptoethyl)benzene, 1 ,4-bis(mercaptoethyl)-benzene, 1 ,2,3-trimercaptoben- 
zene, 1 ,2,4-trimencaptobenzene, 1 ,3,5-trimercaptobenzene, 1,2,3-tris(mercaptomethyl)benzene, 1 ,2,4-tris(mercap- 
tomethyl)benzene, 1 ,3,5-tris{mercaptomethyl)benzene, 1 ,2,3-tris(mercaptoethyl)benzene, 1 ,2,4-tris(mercaptoethyl) 
benzene, 1,3,5-tris(mercaptoethyl)benzene, 2,5-toluenedithiol, 3,4-toluenedithiol, 1 ,3-di(p-methoxyphenyl)propane- 
2,2-dithiol, 1,3-diphenytpropane-2,2-dlthiol, phenylmethane-1,1-dithiol and 2,4-di(p-mercaptophenyl)pentane; 
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aromatic polythiol compounds containing a sulfur atom in addition to a mercapto group such as 1 ,2-bis(mercap- 
toethylthio)benzene, 1 ,3-bis(mencaptoethy[thio)benzene, 1 ,4-bis{mercaptoethylthio)benzene, 1 ,2,3-tris(mercap- 
tomethylthio)benzene, 1 ,2,4-trls(mercaptomethylthio)benzene, 1 ,3,5-tris(mercaptomethylttiio)benzene, 1 ,2,34ris 
(mercaptoethylthio)benzene, 1 ^,4-tris(mercaptoethy}thio)benzene and 1 .3,5-tris(mercaptoethytthio)benzene as well 
as their nuclear alkylated derivatives; 

sulfides such as bis(mercaptomethyt) sulfide, bis(mercaptoethyl) sulfide, bis(mercaptopropyl) sulfide, bis(2Hner- 
captoethylthio)m ethane, bis(3-mercaptopropylthio)methane, 1 ,2-bis(2-mercaptoethylthio)ethane, 1 ,2-bis(3-mercapto- 
propylthio)ethane, 1 ,3-bis(2-mercaptoethylthio)propane, 1 ,3-bis(3-mercaptopropylthio)propane, 1 ,2,3-tris(2-mercap- 
toethylthio)propane, 1,2,3-tris{3-mercaptopropylthio)propane, 1,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane» 
4,8-dimercaptomethyl-1,11-dimercapto-3,6,9-trithia-undecane, 4,7-dlmercaptomethyl-1,11-dimercapto-3,6,9-trithi- 
aundecane, 5,7-dimercaptomethyl-1 ,11-dimercapto-3,6,9-trithiaundecane, tetrakis(2-mercaptoethylthiomethyl)meth- 
ane, tetrakls(3-mercaptopropylthiomethyl)methane, bls(2,3-dimercaptopropyl) sulfide, bis(1 ,3-dimercaptopropyl] 
sulfide, 2,5-dimercapto-1 ,4-dithiane, 2,5-dimercaptomethyl-1 ,4-dithiane, 2,5-dimercaptomethyl-2,5-dimethyl-1 ,4-dithi- 
ane, bis(mercaptoethyl) disulfide and bis(mercaptopropyl) disulfide as well as their thioglycolates and mercaptopropi- 
onates; 

aliphatic polythiol compounds containing a sulfur atom in addition to a mercapto group such as hydroxymethyl- 
sulflde bis(2-mercaptoacetate), hydroxymethylsulfide bis(3-mercaptopropionate), hydroxyethylsulfide bls(2-mercap- 
toacetate), hydroxyethylsulfide bis(3H7iercaptopropionate), hydroxypropylsulfldebis(2-mercaptoacetate), hydroxypro- 
pytsulfide bis(3-mercaptopropionate), hydroxymethyldisulfide bis(2'mercaptoacetate), hydroxymethyldisulfide bis 
(3-mercaptopropionate), hydroxyethyldisulflde bis(2-mercaptoacetate), hydroxyethyldisulfide bls(3-mercaptopropion- 
ate), hydroxypropyldlsulfide bis(2-mercaptoacetate), hydroxypropyldisulftde bis(3-mercaptoproplonate), Z-mercap- 
toethylether bis(2-mercaptoacetate), 2-mercaptoethylether bis(3-mercaptopropionate), 1 ,4-dithiane-2,5-diol bis 
(2-mercaptoacetate), 1 ,4-dithiane-2,5-diol bis(3-mercaptopropionate), bls(2-mercaptoethyl) thiodiglycolate, bis(2-mer- 
captoethyl) thiodipropionate, bis(2-mercaptoethyl) 4,4-thiodibutyrate, bis(2-mercaptoethyl) dithiodigtycolate, bis 
(2-mercaptoethyl)dithiodipropionate, bis(2-mercaptoethyl) 4,4-dithiodibutyrate, bis(2,3-dimercaptopropyl) thiodiglyco- 
late, bis(2,3-dimercaptopropyl) thiodipropionate, bis(2.3-dimercaptopropyl) drthiodiglycolate and bis(2,3-dimercapto- 
propyl) dithiodipropionate; 

heterocyclic compounds containing a sulfur atom in addition to a mercapto group such as 3,4-thiophenedithiol 
and 2,5'dimercapto-1 ,3,4'thiadiazole; and 

compounds containing a hydroxy group in addition to a mercapto group such as 2-mercaptoethanol, 3'^ercapto- 
1,2-propanediol, glyceryl di(mercaptoacetate), 1'hydroxy-4-mercaptocyclohexane. 2,4-dimercaptophenol, 2-mercap- 
tohydroquinone, 4-mercaptophenol, 3,4-dimercapto-2-propanol, 1 ,3-dtmercapto-2-propanol, 2,3-dimercapto-1 -propa- 
nol, 1 ,2-dimercapto-1 ,3-butanediol, pentaerythritol tris(3-mercaptopropionate), pentaerythritol mono(3-mercaptopro- 
pionate), pentaerythritol bis(3-mercaptopropionate), pentaerythritol tris(thioglycolate), dipentaerythritol pentakis 
(3-mercaptopropionate), hydroxymethyltris(mercaptoethylthiomethyl)methane and 1 -hydroxyethylthio-3-nneFcap- 
''^ethytth^ot>enzene. These compounds may be halogenated (e.g., chlorinated or brominated). 
^[0025] Examples of a compound having a functional group whbh can react with a mercapto group used in this In- 
vention include iso(thio)cyanates, (thio)epoxy compounds and compounds having an intramolecular unsaturated group 
--sWhich can react with a mercapto group. 
[0026] Specifk:ally, an iso(thio)cyanate has at least one intramolecular iso(thio)cyanate group, including aliphatk: 
polyisocyanates such as hexamethylene diisocyanate, 2,2-dimethylpentane diisocyanate, 2,2,4-trimethylhexane dllso- 
\ cyanate, butene diisocyanate, 1 ,3-butadiene-1 ,4-diisocyanate, 2,4,4-trimethylhexamethylene diisocyanate, 1 ,6,1 1 -un- 
decane triisocyanate, 1 ,3,6-hexamethylene triisocyanate, 1 ,8-diisocyanato-4-isocyanatomethyloctane, bis(isocyana- 
toethyl) carbonate, bis(isocyanatoethyl) ether, lysine diisocyanatomethy! ester, lysine triisocyanate, xylylene diisocy- 
anate, bis(isocyanatoethyl)benzene, bis(isocyanatopropyl)benzene, a,a,a',a'-tetramethylxylylene diisocyanate, bis 
(isocyanatobutyt)benzene, bis(isocyanatomethyl)naphthalene. bis(isocyanatomethylphenyl)ether, bis(isocyanatoe- 
thyl)phthalate and 2,6-di(isocyanatomethyl)furane; 

alicyclic polyisocyanates such as isophorone diisocyanate, bis(isocyanatomethyl)cyclohexane, cyclohexane di- 
isocyanate, methyteyclohexane diisocyanate, 4,4'-methylenebis(cyclohexylisocyanate), 4,4 -methyl enebis(2-methyl- 
cyclohexylisocyanate), 2,5-bis(isocyanatomethyl)bk:yclo-[2.2.1]-heptane, 2,6-bis(isocyanatomethyl)bicyclo-[2.2.1]- 
heptane, 3,8-bis(isocyanatomethyt)tricyclodecane, 3,9-bis(isocyanatomethyl)tricyclodecane, 4,8-bis(isocyanatome- 
thyOtricyclodecane and 4,9-bis(lsocyanatomethyl)tricyclodecane; 

aromatk: polyisocyanates such as 1 ,2-diisocyanatobenzene, 1 ,3-diisocyanatobenzene, 1 ,4-diisocyanatoben- 
zene, 2,4-diisocyanatotoluene, ethylphenylene diisocyanate, Isopropylphenylene diisocyanate, dimethylphenylene di- 
isocyanate, diethylphenylene diisocyanate, diisopropylphenylene diisocyanate, trimethylbenzene triisocyanate, ben- 
zene triisocyanate, biphenyt diisocyanate. toluidine diisocyanate, 4,4'-methylene bis(phenylisocyanate). 4,4'*methyt- 
ene bis(2-methylphenylisocyanate), bibenzyl-4,4'-diisocyanate and bis(isocyanatophenyOethylene; 

sulfur-containing aliphatic polyisocyanates such as bis(isocyanatomethyl) sulfide, bis(isocyanatoethyl) sulfide. 
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bis(isocyanatopropyl) sulfide, bis(isocyanatohexyt) sulfide, bis(isocyanatomethyl) sulfone, bis(lsocyanatomethyt) di- 
sulfide, bis{isocyanatoethyl) disulfide, bis(isocyanatopropyl) disulfide, bis(isocyanatomethylthio)methane, bis(isocy- 
anatoethylthio)methane, bis(isocyanatoethylthio)ethane, bis(isocyanatomethylthio)ethane, 1 ,5-diisocyanato-2-isocy- 
anatomethyl*3-thiapentane, 1 ,2,3-tris(isocyanatomethylthio)propane, 1 ,2,3-tris(lsocyanatoethylthio)propane, 
3,5-dithia-1,2.67-heptane tetraisocyanate, 2.6-diisocyanatomethyl-3,5-dithia-17-heptane diisocyanate, 2,5-diisocy- 
anatomethylthlophene and 4-isocyanatoethytthlo-2,6-dithia-1 ,8-octane-diisocyanate; 

aromatic sulfide polyisocyanates such as 2-isocyanatophenyt 4-isocyanatophenyl sulfide, bis(4-isocyanatophe- 
nyl) sulfide and bis(4-iscx;yanatomethylphenyl) sulfide; 

aromatic disulfide polyisocyanates such as bis(4-isocyanatophenyl) disulfide, bis(2-methyl-5-isocyanatophenyl) 
disulfide, bis(3-methyl-5-isocyanatophenyi) disulfide, bis(3-methyl-6-isocyanatophenyl) disulfide, bis(4-methyl'5-iso- 
cyanatophenyl) disulfide, bis(3-methoxy-4-isocyanatophenyl) disulfide and bis(4-methoxy-3-lsocyanatophenyl) di- 
sulfide; 

sulfur-containing alicyclic polyisocyanates such as 2,5-diisocyanatotetrahydrothiophene, 2,5-diisocyanatometh- 
yltetrahydrothiophene, 3,4-diisocyanatomethyltetrahydrothiophene, 2,5-diisocyanato-1 ,4-dithiane, 2,5-diisocyanato- 
methyl-1,4-dithiane, 4,5-diisocyanato-1 .3-dithiolane, 4,5-bis(isocyanatomethyi)'1,3-dithiolane and 4,5-diisocyanato- 
methyl-2-methyl-1 ,3-dithiolane; 

aliphatic polyisothiocyanates such as 1 ,2-diisothiocyanatoethane and 1 ,6-diisothiocyanatohexane; 

alicyclic polyisothiocyanates such as cyclohexanediisothiocyanate; 

aromatic polyisothiocyanates such as 1 ,2-diisothiocyanatobenzene, 1 ,3-diisothiocyanatobenzene, 1 ,4-diisothio- 
cyanatobenzene, 2,4-dlisothiocyanatotoluene, 2,5-diisothlocyanato-m-xylene, 4,4'-dlisothiocyanatobiphenyl, 4,4'- 
m ethylene bis(phenylisothiocyanate), 4,4'-methylene bis(2-methylphenylisothiocyanate), 4,4'-methylene bis(3-meth- 
yiphenylisothiocyanate), 4,4'-isopropylidene bis(phenylisothiocyanate), 4,4*-diisothiocyanato-benzophenone, 4,4'-dii- 
sothiocyanato-3,3'-dimethylbenzophenone and bis(4-isothiocyanatophenyl) ether; 

carbonylpotyisothiocyanates such as 1 ,3-benzenedicarbonyl diisothiocyanate, 1 ,4-benzenedicarbonyl diisothio- 
cyanate and (2,2-pyridine)-4,4-dicarbonyl diisothiocyanate; 

sulfur-containing aliphatic polyisothiocyanates such as thlobis(3-isothiocyanatopropane), thiobls(2-isothiocyana- 
toethane) and dithiobls(2-lsothlocyanatoethane); 

sulfur-containing aromatic polyisothiocyanates such as 1 -isothiocyanato-4-[(2-isothiocyanato)-sulfonyl]benzene, 
thiobis(4-isothiocyanatobenzene), sulfonylbis(4-isothiocyanatobenzene) and dithiobis(4-lsothiocyanatobenzene); 

sulfur-containing alicyclic polyisothiocyanates such as 2,5-diisothiocyanatothiophene and 2,5-dilsothiocyanato- 
1 ,4-dithiane; and 

compounds having an isocyanate and an isothiocyanate groups such as 1-isocyanato-6-isothlocyanatohexane, 
1-isocyanato-4-isothiocyanatocyclohexane, 1 -isocyanato-4-isothiocyanatobenzene, 4-methyl-3-isocyanato-1 -isothio- 
cyanatobenzene, 2-isocyanato-4,6-diisothiocyanato-1 ,3,5-triazine, 4-isocyanatophenyl-4-isothiocyanatophenyl 
sulfide and 2-isocyanatoethyl-2-isothiocyanatoethyl disulfide. 

[0027] In this invention may be used the above compounds which are halogenated (e.g. , chlorinated or brominated), 
alkylated, alkoxylated, nitrated, modified with a polyol into a prepolymer, cartodiimide-modlfied, urea-modified, bluret- 

modified, dimerized or trimerized. 

[0028] Examples of a (thio)epoxy compound which has at least one intramolecular (thio)epoxy group include acyclic 
aliphatic 2,3-eprthiopropylthio compounds such as bis(2,3-epithiopropyl)disulftde, bis(2,3-epithiopropyl)sulfide, bis 
(2,3-epithiopropylthio)methane, 1 ,2-bis(2,3-epithiopropylthio)ethane, 1 ,2-bis(2,3-epithiopropylthlo)propane, 1 ,3-bis 
(2,3-epithiopropylthio)prDpane, 1 ,3-bis(2,3-epithiopropytthio)-2-methylpropane, 1 ,4-bis(2,3-eprthiopropylthio)butane, 
1 ,4-bis(2,3-epithiopropylthio)-2-methylbutane, 1 ,3-bis(2,3-epithlopropylthio)butane, 1 ,5-bis(2,3-epithiopropylthio)pen- 
tane, 1 ,5-bis(2,3-epithiopropylthio)-2-methylpentane, 1,5-bis(2,3-epithiopropylthio)'3-thiapentane, 1 ,6-bis(2,3-ep!thio- 
propylthio)hexane, 1,6-bis(2,3-eprthiopropylthio)-2-methylhexane, 3,8-bis{2,3-epithiopropylthio)-3,6-dithiaoctane, 
1,2,3-tris(2,3-epithiopropylthio)propane, 2.2-bis(2,3-epithiopropylthiomethyl)-1,3-bis(2,3epithiopropylthio)propane, 
2,2-bis(2,3-eplthlopropylthlomethyl)-1-(2,3-epithlopropylthio)butane, 1,5-bis(2,3-eplthiopropylthlo)-2-(2,3-epithiopro- 
pyl-thiomethyl)-3-thiapentane, 1 ,5-bis(2,3-epithiopropylthio)-2,4-bis(2,3-epithiopropylthiomethyl)-3-thiapentane, 1 - 
(2,3-epithiopropylthio)-2,2-bis(2,3-epithiopropylthiomethylH-thiahexane, 1,5,6-tris(2,3-epithiopropylthio)-4-(2,3-epi- 
thiopropylthiomethyl)-3-thlahexane, 1,8-bis(2,3-epithiopropylthio)-4-(2,3-epithlopropylthiomethyl)-3,6-drthiaoctane, 
1,8-bis(2,3-epithiopropylthio)-4,5-bis(2,3-epithk>propytthiomethyl)-3,6-dithiaoctane, 1 ,8-bis(2,3-epithiopropylthio)- 
4,4-bis(2,3-epithiop^opylthiomethyl)-3,6-dithiaoctone, 1,8-bis(2,3-epithiopropylthio)-2,5-bis(2,3-eplthiopropyfthiome- 
thyO-3,6-dithiaoctane, 1 ,8-bis(2,3-epithiopropylthio)-2.4,5-tris(2,3-eprthiopropylthiomethyl)-3,6-dlthiaoctane, 1 ,1,1-tris 
{[2-(2,3-epithiopropylthio)ethyl]thiomethyl}-2-(2,3-epithiopropylthio)ethane, 1,1,2,2-tetrakis{I2-{2,3-epithiopropylthio) 
ethyl]-thiomethyl}ethane, 1,11-bis(2,3-eplthiopropylthio)-4,8-bis{2,3-epithiopropylthiomethyl)-3,6,9-trithiaundecane, 
1 ,11 -bis(2,3-epithiopropylthio)-4,7-bis(2,3-epithiopropylthiomethyl)-3,6,9-trithiaundecane and 1 ,11 -bis(2,3-epithlopro- 
pylthio)-5,7-bis(2,3-eplthlopropylthlomethyt)-3,6,9-trithlaundecane: 

alteydk: 2,3-epithk>propylthio compounds such as 1.3-bis(2,3-epithiopropylthio)cyclohexane, 1 ,4-bis(2,3-epithi- 
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opropylthio)cyclohexane, 1,3-bis(2,3-epjthlopropylthiomethyl)cyclohexane, 1,4-bis(2,3-epithiopropyfthiomethyl)cy- 
clohexane, 2,5-bis(2,3-eplthlopropylthiomelhyl)-1,4-dithiane, 2,5-bis{[2-(2,3-epithiopropylthio)elhyl]thiomethyl}- 
1 ,4-drthiane and 2,5-bis{2,3-epithlopropylthiomethyl)-2,5-dimethyl-1 ,4dithlane; 

aromatic 2.3-eprthiopropylthio compounds such as 1 ,2-bis(2,3-epithiopropylthio)benzene. 1 ,3-bis(2.3-epithiopro- 
pytthio)benzene, 1 ,4-bis(2.d-epithiopropytthio)benzene. 1 ,2-bis(2,3-epithiopropytthiomethyl)-benzene, 1 ,3-bis(2,3-ep- 
lthlopropylthlomethyl)benzene, 1,4-bis(2,3-€pfthiopropylthiomethyl)benzene, bis[4-(2,3-epithlopropylthio)phenyl] 
methane, 2,2-bis[4-(2,3-epithiopropylthio)phenyl]propane,bis[4-(2,3-epithlopropytthio)ph 
lopropylthio)-phenyl]sulfone and 4,4'-bis(2,3-epithlopropylthio)-biphenyl; and 

mercapto-containing epithio compounds such as 3-mercaptopropyiene sulfide and 4-mercaptobutene sulfide. 
[0029] Examples of a compound having at least one unsaturated bond which can react with a mercapto group include, 
but not limited to, (meth)acrylates such as benzyl (meth)acrylate, butoxyethyl {meth)acrylate, butoxymethyl (meth) 
acrylate, cyclohexyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate, glycidyl (meth)acrylate, thioglycidyl {meth)acrylate, 
phenoxyethyl (meth)acrylate, phenyl (meth)acrylate, ethyleneglycol dl(meth)acrylate, diethyl eneglycol di(meth)acr- 
ylate, triethyleneglycol di(meth)acrylate, tetraethyleneglycol di(meth)acrylate, polyethyleneglycol di(meth)acrylate, ne- 
opentylglycol di(meth)acrylate, bisphenol-A dl(meth)acrylate, 2,2-bls(4-(nneth)acryloyloxyethoxyphenyl)propane, 
2,2-bis(4-(meth)acryloyoxylethoxyethoxyphenyl)propane, bisphenol-F di(meth)acrylate, bis(4-(meth)acryloy- 
loxyethoxyphenyl)methane, 1,1-bis(4-(meth)acryloxyethoxyethoxyphenyl)methane, trimethylolpropane tri(meth)acr- 
ylate, glycelol di(meth)acrylate, pentaerythiitol tri(meth)acrylate and pentaerythritol tetra(meth)acrylate; 

thlo(meth)aciylates such as (meth)acryloylthioethane, (meth)acryloylthiomethylbenzene, 1 ,2-bis[(meth)acry- 
loytthio]ethane, 1 ,3-bis[(meth)acryloylthio]propane, 1 ,4-bis[(meth)acryloylthio]butane, 1 ,6-bls[(meth)acryloylthlo]hex- 
ane, bis[2-(meth)acryloylthloethyl] ether, bis[2-(meth)acryloylthioethyl] sulfide, bis[2-{meth)acryloylthioethylthlo]meth- 
ane, 1 ,2-bis[2-(meth)acryloylthioethylthio]-3-(meth)acryloylthlopropane, thioglycidyl thio(meth)acrylate, glycidyl thio 
{meth)acrylate, 1 ,2-bis[(meth)acryloylthio]benzene, 1 ,3-bis[(meth)acryloylthio]benzene, 1 ,4-bis[(meth)acryloylthio] 
benzene, 1 ,2-bis[(meth)acryloylthiomethyl]benzene, 1 ,3-bis[(meth)acryloytthlomethyl]benzene, 1 ,4-bls[(meth)acry- 
loylthiomethyQbenzene, 1,2-bis[2-(meth)acryloylthioethylthiomethyl]'benzene, 1,3-bis[2-(meth)acryloylthioethytthr- 
omethyl]-benzene and 1 ,4-bis[2-(meth)acryloylthloethylthiomethyI]-benzene; 

allyl compounds such as allyl glycidyl ether, diallyl phthalate, diallyl terephthalate, diallyl isophthalate, diallyl car- 
bonate, diethyleneglycol bisallyl carbonate, diallyl sulfide and diallyl disulfide; 

vinyl compounds such as styrene, chlorostyrene, methylstyrene, bromostyrene, dibromostyrene, divinylbenzene 
and 3,9-divinylspirobi(m-dioxane); and dlisopropenylbenzene. 

[0030] These compounds having a functional group which can react with a mercapto group may be, regardless of 
the type of the functional group, used alone or in combination of two or more. 

[0031] A polymerizable composition of this invention may contain a resin modifier for mainly improving monomer or 
resin properties, e.g., adjusting optical properties such as a refractive index; and physical properties such as impact 
resistance and a specific gravity, as well as handling properties such as the viscosity of the polymerizable composition. 
[0032] For molding a polymerizable composition of this invention, a variety of substances such as chain extenders, 
crosslinking agents, photostabillzers, UV absorbers, antioxidants, anti-coloring agents, blueing agents, oil soluble dyes 
and fillers may be added, depending on a purpose, as in the known molding methods. 

[0033] For adjusting a reaction rate, a known reaction catalyst may be added as appropriate. Examples of a preferably 
used catalyst include, for example as a urethanation catalyst, tin compounds such as dibutyltin dilaurate, dlbutyltin 
dichloride and dimethyltin dichloride and amine compounds such as tertiary amines, which may be used alone or in 
combination. Catalysts which may be used include amines, phosphines, Lewis acids, radical polymerization catalysts 
and cation polymerization catalysts for a mixture of (thio)epoxy compounds and radical polymerization catalysts and 
photosensitizers for a mixture of polyene compounds. 

[0034] A resin prepared by polymerization of a polymerizable composition of this invention may be usually prepared 
by cast polymerization. Specif k^ally, monomers used are mixed with various additives such as a catalyst, an ultravk>let 
absorber and an Internal mold release agent in advance to prepare a mixed solution. Here, variety of additives may 
be added to a pari of monomers and then the remaining monomers and additives may be added. The mixed solution 
is degassed by an appropriate method if necessary and then polymerized by heating or irradiation. In particular, the 
composition may be poured into a mold consisting of two glass plates and a tape or gaskets and then polymerized for 
lens preparation. 

[0035] Polymerization conditions cannot be generalized since they considerably vary depending on various factors 
such as the type of monomers used, the type and the amount of a catalyst and the shape of a mold, but heat polym- 
erization may be conducted at a temperature of about -20 ""C to 200 for 1 to 100 hours. Meanwhile, photopolymer- 
ization may be conducted using light from a source such as a high-pressure mercury-vapor lamp, a halogen lamp, a 
xenon lamp, a tungsten lamp, a fluorescent lamp or sunlight. A removed lens may be. if necessary, subjected to treat- 
ment such as annealing. 

[0036] A preferred resin of this invention thus obtained is coloriess and transparent, exhibits good optical and me- 
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chanical properties and is suitable as an optical device nnaterial such as eyeglass lenses and a camera lens. 
[0037] Furthermore, a lens made of the optical resin of this invention may be, if necessary, subjected to physical or 
chemical treatments such as surface abrasion, antistatic treatment, hard coating, non-refiectlon coating and dyeing, 
for improvements such as prevention of reflection; improvement in hardness, abrasion resistance or chemical resist- 
ance; and impartation of antifoggy or cosmetic property. 

[0038] This invention also relates to a process for preparing a thiol compound comprising the steps of reacting a 
compound represented by general fonnula (2): 

HS-r'(.S-R^)„ (2) 

where m Is an Integer of at least 1 ; represents an aromatic, aliphatic, allcyclic or heterocyclic organic residue or 
aliphatic, allcyclic or heterocyclic organic residue with an aromatic ring or a sulfur atom in Its chain; and R2 represents 
a protective group, with a compound having a functional group which can react with a mercapto group, and then 
converting -S-R^ Into -SH. 

[0039] In general formula (2), an organic residue R^ may be a straight or branched aliphatic organic residue, an 

alicyciic organic residue, an aromatic organic residue, a heterocyclic residue; a straight or branched aliphatic organic 

residue having a sulfur atom in a fomn of sulfide or polysulfide bonding or an aromatic ring in Its chain; or an allcyclic 

organic residue having a sulfur atom In a fomn of sulfide or polysulfide bonding or an aromatic ring. 

[0040] In general formula (2), examples of a protective group R^ include, but not limited to, carbonyls such as acetyl, 

propionoyl. butyroyi, isobutyroyt, valeroyl, isovaleroyl, hexanoyl, heptanoyi, benzoyl andphenylacetyl; carbamoyls such 

as ethylcarbamoyl, propylcarbamoyi, butylcarbamoyl, hexylcarbamoyl, phenylcarbamoyi and benzylcarbamoyi and 

sulfides such as methytthio, ethylthio, hydroxyethylthio, propylthio, butylthio, phenylthio and benzytthlo. 

[0041 ] A compound represented by general formula (2) used In this invention may be a common polythiol compound 

in which at least one mercapto group remains while the other mercapto groups are protected with the above protective 

group. 

[0042] Examples of a common polythiol described above include aliphatic polythiols such as methanedithiol, 

1 .2- ethanedlthiol, 1,1-propanedithlol, 1 ,2-propanedlthlol, 1,3-propanedithiol, 2,2-propanedithiol, 1 ,6-hexanedithiol, 
1 ,2,3-propanetrithiol, 1,1-cyclohexanedithlol, 1,2-cyclohexanedithlol, 2,2-dimethylpropane-1,3-dithiol, 3,4-dlmeth- 
oxybutane-1 ,2-dlthiol, 2-methylcyctohexane-2,3-dithiol, 1 ,1-bls(mercaptomethyl)cyclohexane, bls(2-mercaptoethyl) 
thiomalate, 2,3-dlmercapto-1-propanol (2-mercaptoacetate), 2,3-dimercapto-1 -propanol (3-mercaptoproplonate), di- 
ethyleneglycol bis(2-mercaptoacetate), diethyleneglycol bis(3-mercaptoproplonate), 1 ,2-dimercaptopropyl methyl 
ether, 2,3-dimercaptopropyl methyl ether, 2,2-bis(mercaptomethyl)-1 ,3-propanedithiol, bis(2-mercaptoethyl) ether, eth- 
yleneglycol bls(2-mercaptoacetate), ethylenegtycol bls(3-mercaptopropionate), trimethylolpropane bis(2-mercapto ac- 
etate), trimethylolpropane bls(3-mercaptopropionate), pentaerythritol tetrakis(2-mercaptoacetate), pentaerythritol tet- 
rakis(3-mercaptopropionate) and tetrakis(mercaptomethyl)methane; 

aromatic polythiols such as 1 ,2-benzenedlthiol, 1 ,3-benzenedithiol, 1 ,4-benzenedithiol, 1 ,2-bis(mercaptomethyl) 
benzene, 1 ,3-bls(mercaptomethyl)benzene, 1 ,4-bis(mercaptomethyl)benzene, 1 ,2-bls(mercaptoethyl)benzene, 

1 .3- bis(mercaptoethyl)benzene, 1 ,4-bis(mercaptoethyl)k>enzene, 1 ,2,3-trlmercaptobenzene, 1 ,2,4-trlmercaptoben- 
zene, 1 ,3,5-trimercaptobenzene, 1 ,2,3-tris(mercaptomethyl)benzene, 1 ,2,4-tris(mercaptomethyl)benzene, 1 ,3,5-tris 
(mercaptomethyl)benzene, 1 ,2,3-tris(mercaptoethyi)benzene, 1 ,2,44ris(mercaptoethyl)benzene, 1 ,3,5-tris(mercap- 
toethyl)benzene, 2,5-toluenedithiol, 3,4-toluenedithlol, 1 ,3-dl(p-methoxyphenyl)propane'2,2-dlthiol, 1 ,3-diphenylpro- 
pane-2,2-dlthlol, phenylmethane-1,1-dfthioI and 2,4-di(p-mercaptophenyl)pentane; 

aromatic polythiols containing a sulfur atom in addition to a mercapto group such as 1 ,2-bis(mercaptoethylthlo) 
benzene, 1 ,3-bis(mercaptoethylthio)benzene, 1 ,4-bls(mercaptoethylthlo)benzene, 1 ,2,3-tris(mercaptomethylthio)ben- 
zene, 1 ,2,4-tris(mercaptomethytthio)benzene, 1 ,3,5-tris(mercaptomethylthio)benzene, 1 ,2,3-tris(mercaptoethylthio) 
benzene. 1,2,4-tris(mercaptoethylthio)benzene and 1,3,5-tris(mercaptoethytthio)benzene as well as their nuclear 
alkylated derivatives; 

sulfides such as bis(mercaptomethyt) sulfide, bis(mercaptoethyl) sulfide, bls(mercaptopropyl) sulfide, bls(mer- 
captomethylthio)methane, bis(2-mercaptoethylthio)methane, bis(3-mercaptopropylthlo)methane, 1 ,2-bis(2-mercap- 
toethylthlo)ethane, 1 ,2-bis(3-mercaptopropyl)ethane. 1 ,3-bis(3-mercaptopropylthio)propane, 1 ,2.3-tris(2-mercap- 
toethylthio)propane, 1 ,2,3-tris(3-mercaptopropytthlo)propane, 1 ,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane, 
4,8-dlmercaptomethyl-1 ,11 -dlmercapto-3,6,9-trithiaundecane, 4,7-dlmercaptomethyl-1 ,11 -dlmercapto-3,6,9-trithiaun- 
decane, 5,7-dimercaptomethyl-1 ,11-dimercapto-3,6,9-trithiaundecane, tetrakis{2-mercaptoethylthiomethyl)methane, 
tetrakls(3-mercaptopropylthlomethyl)methane, bis(2,3-dimercaptopropyl)sulfide, bls(1 ,3-dimercaplopropyl) sulfide, 
2,5-dimercapto-1 ,4-dithiane. 2,5-dimercaptomethyi-1 ,4-dithiane, 2,5<dimercaptomethyl-2,5-dimethyl-1 ,4-dithiane, bis 
(mercaptoethyl) disulfide and bis(mercaptopropyt) disulfide as well as their thioglycolates and mercaptopropionates; 
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aliphatic polythiol compounds containing a sulfur group in addition to a mercapto group such as hydroxymethyl- 
sulfide bis(2-nnercaptoacetate), hydroxymethylsulfide bis(3-mencaptoproplonate), hydroxyethylsulfide bis(2H7iercap- 
toacetate), hydroxyethylsulfide bis(3-mercaptopropionate), hydroxypropylsulfidebis{2Hnercaptoacetate). hydroxypro- 
pylsulfide bis(3Hnercaptopropionate), hydroxymethyldisulfide bis(2'mercaptoacetate), hydroxymethyldisulfide bis 
(3-mercaptoproplonate), hydroxyethyldlsulfide bis(2HTiercaptoacetate), hydroxyethyldisulflde bls(3-mercaptopropion- 
ate), hydroxypropyldisulfide bis(2-mercaptoacetate), hydroxypropyldisutfide bis(3-mercaptopropionate), 2HTiercap- 
toethylether bls(2-mercaptoacetate), 2-mercaptoethylether bis(3-mercaptopropionate), 1 ,4-dithiane-2,5-diol bis 
(2-mercaptoacetate), 1 ,4-dithiane-2,5-diol bjs(3-mercaptopropionate), bis(2-nnercaptoethyl) thiodiglycolate, bis(2-mer- 
captoethyl) thiodipropionate, bis(2-nnercaptoethyl) 4,4-thiodibutyrate, bis(2-mercaptoethyl) dithiodiglycolate, bis 
(2-mercaptoethyl) dithlodlpropionate, bis(2-mercaptoethyl) 4,4-dithiodlbutyrate, bis(2,3-dimercaptopropyl) thiodigtyco- 
tate, bis(2,3-dimercaptopropyl) thiodlpropionate, bis(2,3-dimercaptopropyl) dithiodiglycolate and bls(2.3-dimercapto- 
propyl) dithiodipropionate; 

heterocyclic compounds containing a sulfur group In addition to a mercapto group such as 3,4-thiophenedlthlol 
and 2,5-dimercaptO'1 ,3,4-thladiazole; and 

compounds containing a hydroxy group In addition to a mercapto group such as 2-mercaptoethanol, 3Hnercapto- 
1,2-propanediol, glyceric di(mercaptoacetate), l-hydrDxy-4-mercaptocyclohexane, 2,4-dimercaptophenol, 2-mercap- 
tohydroquinone, 4-mercaptophenol, 3,4-dimercapto-2-propanol, 1 ,3-dimercapto-2-propanol, 2,3-dimercapto-1 -propa- 
nol, 1 ,2-dimercapto-1 ,3-butanediol, pentaerythritol tris(3-mercaptopropionate), pentaerythritol mono(3-mercaptopro- 
pionate). pentaerythritol bis(3-mercaptopropionate). pentaerythritol tris(thloglycolate), dipentaerythritol pentakis 
(3-mercaptopropionate), hydroxymethyl tris(mefcaptoethytthiomethyl)methane and 1-hydroxyethylthio-3-mercap- 
toethylthiobenzene. In these compounds which may be halogenated (e.g., chlorinated or bromihated). one mercapto 
group may remain while the other mercapto groups may be protected with a protective group. 
[0043] Preferable compounds are exemplified methanedithiol, ethanedithlol, bis(mercaptomethyl) sulfide and bis 
(mercaptoethyl) sulfide, more preferably methanedithiol in which one mercapto group is protected with a protective 
group. 

[0044] Examples of a compound having a functional group which can react with a mercapto group used in this In- 
vention include aldehydes, acetals, ketones, (thio)epoxy compounds, compounds having an unsaturated bond whbh 
can react with a mercapto group, iso(thio)cyanates and thiols. 

[0045] Examples of aldehydes, acetals and ketones include aldehydes such as formaldehyde, acetoaldehyde, pro- 
pionaldehyde, butylaldehyde, benzaldehyde, glyoxal, malonaldehyde, 2-thiophenealdehyde, methyibenzaldehyde and 
phthalaldehyde as well as their acetals; and ketones such as acetone, acetophenone, benzophenone, methyl ethyl 
ketone, cyclopentanone and cydohexanedione. Such a compound may react with an unprotected mercapto group in 
a compound represented by general fonnula (2) in the presence of an acid catalyst such as p-toluenesulfonic acid and 
methanesulfonk: acid to give a dithloacetal compound after dehydration or deaboholization. 

[0046] Examples of a (thio)epoxy compound include acyclic aliphatic 2,3-epithiopropylthio compounds such as bis 
(2,3-epithiopropyl) disulfide, bis(2,3-epithiopropyl) sulfide, bls{2.3-epithiopropylthio)methane, 1 ,2-bis(2,3-epithiopro- 
pylthio)ethane, 1 ,2-bis(2,3-epithiopropylthio)propane, 1 ,3-bis(2,3-epithiopropylthio)propane, 1 ,3-bis(2,3-epithiopro- 
pylthio)-2Hnethylpropane, 1 ,4-bis(2,3-epithlopropylthlo)butane, 1 ,4-bis(2,3-epithiopropylthio)-2-methylbutane, 1 ,3-bls 
(2,3-epithiopropytthio)butane, 1 ,5-bis(2,3-epithiopropylthio)pentane, 1 ,5-bis(2,3-epithiopropylthlo)-2-methyIpentane, 
1 ,5-bis(2,3-epithiopropylthio)-3-thiapentane, 1 ,6-bis(2,3-epithiopropylthlo)hexane, 1 ,6-bis(2,3-epithiopropylthio)- 
2-methylhexane, 3,8-bis(2,3-epithiopropylthio)-3,6-dithlaoctane, 1,2,3-tris(2,3-epithiopropylthio)propane, 2,2-bis 
{2,3-epithiopropylthiomethyl)-1,3-bis(2,3-epithiopropylthio)propane, 2,2-bis(2,3-epithiopropylthiomethyl)-1-(2,3-epith- 
iopropylthio)butane, 1 ,5-bis(2,3-epithiopropylthio)-2-(2,3-epithiopropylthlomethyl)-3-thiapentane, 1 ,5-bis(2,3-eplthio- 
propylthio)-2,4-bis(2,3-epithiopropylthiomethyI)-3-thiapentane, 1-(2.3-epithiopropylthio)-2,2-bis(2,3-epithiopropyIthi- 
omethyl)-4-thiahexane, 1 ,5,6-tris(2,3-epithiopropylthio)-4-(2,3-epithiopropylthiomethyl)-3-thiahexane, 1 ,8-bis(2,3-epi- 
thiopropylthio)-4-(2,3-eprthiopropylthiomethyl)-3,6-dithiaoctane. 1,8-bis(2,3-epithiopropylthio)-4,5-bis(2,3-epithiopro- 
pylthiomethyl)-3,6-dithiaoc^ne, 1 ,8-bis(2,3-epithk>propylthio)-4,44>is(2,3-epithiopropylthk>methyl)-3, 6-dithiaoctane, 
1,8-bis(2,3-epithlopropylthio)-2,5-bis(2,3-epithlopropylthiomethyl)-3,6-dithlaoctane, 1 ,8-bis(2,3-epithiopropylthio)- 
2,4,5-tris(2,3'epithiopropylthiomethyl)-3,6-dithiaoctane, 1 .1,1-tris{[2-(2,3-eplthiopropylthio)ethyl]thiomethyI}-2- 

(2,3-epithiopropylthio)ethane, 1 ,1 ,2,2-tetrakis{[2-(2,3-epithiopropylthio)ethyl]-thiomethyl}ethane, 1 ,11 -bis{2,3-eplthio- 
propylthio)-4,8-bis(2,3-epithlopropylthiomethyl)-3,6,9-trithiaundecane, 1 ,1 1 -bis(2,3-epithiopropylthio)-4,7-bis(2,3-epi- 
thlopropylthiomethyl)-3,6,94rithiaundecane and 1 ,11-bls(2,3-epithiopropylthio)-5,7-bis(2,3-eplthiopropylthiomethyl)- 
3,6,9-trtthiaundecane; 

altcyclic 2,3-epithiopropylthio compounds such as 1 ,3-bis(2,3-epithiopropylthio)cyclohexane, 1 ,4-bis(2,3-epithi- 
opropylthio)cyclohexane, 1,3-bis(2,3-epithiopropytthiomethyl)cyclohexane, 1,4-bis(2,3-epithiopropylthiomethyl)cy- 
clohexane. 2,5-bis(2,3-epithiopropytthiomethyl)-1,4-dithiane, 2.5-bis{[2-(2,3-epithiopropy}thio)ethyl]thiomethyl}- 
1 ,4-dlthiane and 2,5-bis(2,3-eplthiopropytthiomethyl)-2,5-dlmethyl-1 .4-dlthlane; 

aromatk:2,3-epithiopropylthio compounds such as 1 ,2-bis(2,3^ithiopropylthlo)benzene, 1,3-bis(2,3-epithlopro- 
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pylthlo)benzene, 1 ,4-bls(2,3-epithiopropylthio)ben2ene, 1,2-bis(2,3-epithlopropylthiomethyl)benzene, 1 ,3-bis(2,3-epi- 
thlopropylthiomethyl)benzene, 1,4-bis(2,3-eprthiopropy[thiomethyl)benzene, bls[4-(2,3-eplthlopropylthio)phenyl]meth- 
ane,2.2-bis[4-(2,3-eprthiopropyIthlo)phenyl]propane, bls[4-(2,3-epfthiopropytthio)phenyl]sulfide, bis[4'(2,3-epithioprD- 
pytthio]phenyl]sutfone and 4.4'-bis(2,3-epithiopropytthio)biphenyl; and 

mercapto-containing epthio compounds such as 3Hnercaptopropylene sulfide and 4-mercaptobutene sulfide. 
[0047] Such a (thio)epoxy connpound may be subjected to addition reaction with a compound represented by general 
formula (1 ) In the presence of a tertiary amine to give a precursor of a desired thiol compound. 
[0048] Examples of a compound containing an unsaturated bond which can react with a mercapto group include 
(meth)acrylates such as benzyl (meth)acrylate, butoxyethyl (meth)acrylate, butoxymethyl (meth)acrylate. cyclohexyl 
(meth)acrylate. 2-hydroxyethyl (meth)acrylate, glycidyl (meth)acrylate, thiogtycldyl (meth)acrylate, phenoxyethyl 
{meth)acrylate, phenyl (meth)acrylate, ethyleneglycol di(meth)acrylate, diethyleneglycol di(meth)acrylate, triethyleneg- 
lycol di(meth)acrylate, tetraethyleneglycol dl(meth)acrylate, polyethyleneglycol di(meth)acrylate, neopentylglycol di 
(meth)acrylate, bisphenol-A di{meth)acrylate, 2,2-bis(4-{meth)acryloyloxyethoxyphenyl)propane, 2,2-bls(4-(meth) 
acryloyloxyethoxyethoxyphenyl)propane, bisphenol-F di(meth)acrylate, bis(4-(meth)acryloyloxyethoxyphenyl)meth- 
ane, 1 ,1 -bls(4-(meth)acryloxyethoxyethoxyphenyl)methane» trimethylolpropane tri(meth)acrylate, glycelol dl(meth)acr- 
ylate, pentaerythritol tri(meth)acrylate and pentaerythritoltetra(meth)acry1ate; 

thlo(meth)acrylates such as (meth)acryloylthioethane, (meth)acryloylthiomethylbenzene, 1 ,2-bis((meth)acry- 
loytthlo)ethane, 1 ,3-bis((meth)acryloylthio)propane, 1 ,4-bis((meth)acryloylthio)butane, 1 ,6-bis{(meth)acryloyfthio)hex- 
ane, bis(2-(meth)acryloytthioethyl)ether, bis(2-(meth)acryloylthioethyl) sulfide, bis(2'(meth)acryloylthioethylthio)meth- 
ane, 1 ,2-bis(2-(meth)acryloylthioethytthlo)-3-(meth)acryloylthiopropane, thioglycldyl thlo(meth)acrylate, glycidyl thio 
(meth)acrylate, 1 ,2-bis((meth)acryloylthio)benzene, 1 ,3-bis((meth)acryloylthio)benzene, 1 ,4-bis{(meth)acryloylthlo) 
benzene, 1 ,2-bls((meth)acryloyIthlomethyl)benzene, 1 ,3-bis((meth)acryloylthiomethyl)benzene, 1 ,4-bis((meth)acry- 
loylthiomethyl)benzene, 1,2-bis{2-(meth)acryloylthloethylthiomethyl)benzene, 1,3-bis(2-(meth)acryloylthioethylthi- 
omethyl)benzene and 1 ,4-bis(2-(meth)acryloylthioethylthiomethyl)benzene; 

ally! compounds such as allyl glycidyl ether, diallyl phthalate. diaiiyi tetephthalate, diallyl isophthalate, diallyl car- 
bonate, diethyleneglycol bisallylcarbonate, diallyl sulfide and diallyl disulfide; 

vinyl compounds such as styrene, chlorostyrene, methylstyrene, bromostyrene, dibromostyrene, divinylbenzene 
and 3,9-divinylspirobi(m-dioxane); and dilsopropenylbenzene. 

[0049] A compound represented by general formula (2) may be added to such a compound containing an unsaturated 
bond in the presence of an appropriate catalyst to form a precursor of a desired thiol compound. 
[0050] Examples of an iso(thio)cyanate Include aliphatic polylsocyanates such as hexamethylene dilsocyanate, 
2,2-dimethylpentane diisocyanate, 

2,2,4-trimethylhexanediisocyanate, butene diisocyanate, 1 ,3-butadiene-1 ,4-diisocyanate, 2,4,4-trimethylhexam- 
ethylene diisocyanate, 1,6,11-undecane triisocyanate, 1 ,3,6-hexamethylene triisocyanate, 1 ,8-diisocyanato-4-lsocy- 
anatomethyloctane, bis(isocyanatoethyl) caibonate, bis (isocyanatoethyl) ether, lysine diisocyanatomethyl ester, lysine 
triisocyanate, xylylene diisocyanate, bis(lsocyanatoethyl)benzene, bls(isocyanatopropyl)benzene, a,a,a',a''tetrame- 
thylxylylene diisocyanate, bls(isocyanatobutyObenzene, bis(lsocyanatomethyl)naphthalene, bis(isocyanatomethyl- 
phenyl) ether, bls(isocyanatoethyl) phthalate and 2,6-di(isocyanatomethyl)furane; 

allcycllc polylsocyanates such as isophorone diisocyanate, bis(isocyanatomethyl)cyclohexane, cyclohexane di- 
isocyanate, methylcyclohexane diisocyanate, 4,4'-methylene bis(cyclohexylisocyanate), 4,4'-methylene bis(2-methyl- 
cyclohexylisocyanate),2,5-bis(isocyanatomethyl)bicydo[2.2.1]-heptane,2,6-bis(lsocyanatomethyl)blcycio[2.2.^ 
tane, 3,8-bis(lsocyanatomethyl)trlcyclodecane, 3.9-bis(isocyanatomethyt)tricyclodecane, 4,8-bis(isocyanatomethyl) 
tricyclodecane and 4,9-bis(isocyanatomethyl)tricyclodecane; 

aromatic polylsocyanates such as 1 ,2-diisocyanatobenzene, 1 ,3-diisocyanatobenzene, 1 ,4-diisocyanatoben- 
zene, 2,4-diisocyanatotoluene, ethylphenylene diisocyanate, isopropylphenylene diisocyanate, dimethylphenylene di- 
isocyanate, diethylphenylene diisocyanate, diisopropylphenylene diisocyanate, trimethylbenzene triisocyanate, ben- 
zene triisocyanate, biphenyl diisocyanate, toluldine diisocyanate, 4,4'-methylene bis(phenyllsocyanate), 4,4'-methyl- 
ene bis(2-methylphenylisocyanate), bibenzyl-4,4'-diisocyanate and bis(lsocyanatophenyl)ethylene; 

sulfur<containing aliphatic isocyanates such as bis(isocyanatomethyl) sulfide, bis(isocyanatoethyl) sulfide, bis 
(isocyanatopropyl) sulfide, bis{isocyanatohexyl) sulfide, bis(isocyanatomethyl) sulfone, bis(isocyanatomethyl) di- 
sulfide. bis(isocyanatoethyl) disulfide, bls(isocyanatopropyi) disulfide, bis(isocyanatomethytthio)methane, bis(lsocy- 
anatoethylthio)methane, bls(isocyanatoethylthio)ethane, bis(isocyanatomethylthio)ethane, 1 ,5-dlisocyanato-2-isocy- 
anatomethyl-3-thiapentane, 1 ,2,3-tris(isocyanatomethylthio)propane, 1 ,2,3-tris(isocyanatoethylthlo)propane, 
3,5-dithia-1 ,2,6,7-heptane tetraisocyanate, 2,6-diisocyanatomethyl-3,5-dithia-1 ,7-heptane diisocyanate, 2,5-diisocy- 
anatomethylthiophene and 4-isocyanatoethylthlo-2,6-dithia-1 ,8-octane diisocyanate; 

aromatic sulfide isocyanates such as 2-isocyanatophenyM-isocyanatophenyl sulfide, bis(4-isocyanatophenyl) 
sulfide and bis(4-iso(^anatomethylphenyl) sulfide; 

aromatic disulfide isocyanates such as bis(4Hsocyanatophenyf) disulfide, bis(2-methyl-5-isocyanatophenyl) di- 



9 



EP1 138 670 A1 



sulfide, bis(3-methyl-5-isocyanatophenyl) disulfide, bis(3-methyl-6-isocyanatophenyi) disulfide, bls(4-methyl-5-isocy- 
anatophenyl) disutfide, bis(d'methoxy-4-lsocyanatophenyl) disulfide andbis(4-methoxy-3-isocyanatophenyl) disulfide; 

sulfur-containing alicydic compounds such as 2,5<liisocyanato-tetrahydrothiophene, 2,5-diisocyanatomethyl- 
tetrahydrothiophene, 3,4-diisocyanatomethyltetrahydrothiophene, 2,5'diisocyanatO'1 ,4*dithiane, 2,5-diisocyanatome- 
thyt-1 ,4-dithiane, 4,5-diisocyanato-1 ,3-dithiolane, 4,5-bis(isocyanatomethyl)-1 ,3-dithiolane and 4,5-diisocyanatome- 
thyl-2-methyl-1 ,3-dithiolane; 

aliphatic isothlocyiEinates such as 1 ,2-dllsothlocyanatoethane and 1 ,6-diisothiocyanatohexane; 

alicyclic isothlocyanates such as cyclohexane diisothiocyanate; 

aromatic isothlocyanates. such as 1 ,2-diisothiocyanatobenzene, 1 ,3-diisothiocyanatobenzene, 1 ,4-diisothiocy- 
anatobenzene, 2,4>diisothiocyanatotoluene, 2,5-diisothiocyanato-m-xylene, 4,4'-dltsothiocyanatobiphenyl, 4,4'-meth- 
yiene bis(phenylisothiocyanate), 4,4' -methylene bis(2-methylphenylisothiocyanate), 4,4'-methylene bis(3-methylphe- 
nylisothiocyanate), 4,4'-isopropylidene bis(phenylisothlocyanate), 4,4'-diisothiocyanatobenzophenone, 4,4-diisothio- 
cyanato-3,3'-dimethylbenzophenone and bis(4-isothiocyanatophenyl) ether; 

carbonylisothiocyanates such as 1 ,3-benzenedicarbonyl diisothiocyanate, 1 ,4-benzenedicarbonyl diisothiocy- 
anate and (2,2-pyridine)-4|4~d>carbonyl diisothiocyanate; 

sulfur-containing aliphatic isothiocyanates such as thiobls(3-lsothiocyanatopropane), thlobls(2-isothiocyana- 
toethane) and dlthlobis(2-lsothiocyanatoethane); sulfur-containing aromatic isothlocyanates such as 1-isothiocyanato- 
4-[(2-isothiocyanato)sulfonyl]-benzene, thiobis(4-isothiocyanatobenzene), sutfonylbis(4-isothiocyanatobenzene) and 
dithiobis(4-isothiocyanatobenzene); 

sulfur-containing alicyclic isothiocyanates such as 2,5-diisothiocyanatothiophene and 2,5-dilsothiocyanato- 
1 ,4-dlthiane; and 

compounds having an isocyanate and an isothlocyanate groups such as 1-lsocyanato-6-isothiocyanatohexane, 
1 -lsocyanato-4-lsothiocyanatocyclohexane, 1 -isocyanato-4-isothiocyanatobenzene, 4-methyl-3-isocyanato-1-isothio- 
cyanatobenzene, 2-isocyanato-4,6-dlisothiocyanato-1,3,5-triazine, 4-isocyanatophenyl-4-isothiocyanatophenyl 
sulfide and 2-lsocyanatoethyt-2-isothiocyanatoethyl disulfide. 

[0051] In this invention may be used the above compounds which are halogenated (e.g., chlorinated or brominated), 
alkylated, alkoxylated, nitrated, modified with a polyol into a prepolymer, carbodiimide-modrfled, urea-modified, biuret- 
modified, dimerized ortrimerized. 

[0052] Such an iso(thio)cyanate may be subjected to an urethane-fomiing reaction with a compound represented 
by general fomnula (2) in the presence of a common urethane-fomning catalyst such as organic tin compounds including 
dibutyltin dk:hloride, dimethyltin dichloride and dibutyltin dilaurate, and tertiary amines to give a precursor of a desired 
thiol compound. 

[0053] Examples of a thiol compound which can react with a mercapto group include, but not limited to, aliphatic 
monothiol compounds such as methanethiol, ethanethiol, propanethiol, butanethiol and cyclohexanethiol; 

aliphatic polythiol compounds such as methanedithiol, 1 ,2-ethanedithiot, 1 ,1-propanedithiol, 1 ,2-propanedrthiol, 
1 ,3-propanedithiol, 2,2-propanedithiol, 1 ,6-hexanedithiol, 1 ,2,3-propanetrithiol, 1 ,1 -cyclohexanedithiol, 1 ,2-cyclohex- 
anedlthiol, 2,2-dimethylpropane-1,3-dlthiol, 3,4-dlmethoxybutane-1 ,2-dithiol, 2-methylcyclohexane-2,3-dithiol, 1,1 -bis 
(mercaptomethyt)cyclohexane, bis(2-mercaptoethyl) thiomalate, 2,3-dimercapto-1-propanol (2-mercaptoacetate), 
2,3-dimercapto-1 -propanol (3-mercaptopropionate), diethyleneglycol bis(2-mercaptoacetate), diethyleneglycol bis 
(3-mercaptopropionate), 1 ,2-dimercaptopropyl methyl ether, 2,3-dimercaptopropyl methyl ether, 2,2-bis(mercaptome- 
thyl)-1 ,3-propanedithiol, bis(2-mercaptoethyl) ether, ethyleneglycol bis(2-mercaptoacetate), ethyleneglycol bis(3-mer- 
captopropionate), trimethylolpropane bl8(2-mercaptoacetate), trimethylolpropane bis(3-mercaptopropionate), pentaer- 
ythritol tetrakis(2-mercaptoacetate), pentaerythritol tetrakls(3-mercaptopropionate) and tetrakis(mercaptomethyl) 
methane; 

aromatk: monothiol compounds such as benzenethiol and toluenethiol; 

aromatb polythiols such as 1 ,2-dimercaptobenzene, 1 ,3-dimercaptobenzene, 1 ,4-dimercaptobenzene, 1 ,2-bis 
(mercaptomethyl)benzene, 1 ,3-bis(mercaptomethyl)benzene, 1 ,4-bis(mercaptomethyl)benzene, 1 ,2-bls(mercaptoe- 
thyl)benzene, 1 ,3-bis(mercaptoethyl)-benzene, 1 ,4-bis(mercaptoethyl)benzene, 1 ,2,3-trimercaptobenzene, 

1 .2.4- trimercaptobenzene, 1 ,3,5-trimercaptobenzene, 1,2,3-tris(mercaptomethyl)benzene, 1 ,2,4-tris(mercaptomethyl) 
benzene, 1 ,3,54ris(mercaptomethyl)benzene, 1 ,2,3-tris(mercaptoethyl)benzene, 1 ,2,4-tris(mercaptoethyl)benzene, 

1 .3.5- tris(mercaptoethyl)benzene, 2,5-toluenedithiol, 3,4-toluenedithiol. 1 ,3-di(p-methoxyphenyl)propane-2,2-dithiol, 
1,3-diphenylpropane-2,2-dithiol, phenylmethane-1,1-dithiol and 2.4-di(p-mercaptophenyl)pentane; 

aromatk; polythiol compounds containing a sulfur atom in addition to a mercapto group such as 1 ,2-bis(mercap- 
toethylthio)benzene, 1 ,3-bis(mercaptoethylthio)benzene, 1 ,4-bis(mercaptoethylthio)benzene; 1 ,2,3-tris(mercap- 
tomethylthio)benzene, 1 ,2,4-tris(mercaptomethylthio)benzene, 1 ,3,5-tris(mercaptomethylthio)benzene, 1 ,2,3-tiis 
(mercaptoethylthlo)benzene, 1 ,2.4-tris(mercaptoethylthio)benzene and 1 .3,5-tris(mercaptoethylthio)benzene as well 
as their nuclear alkylated derivatives; 

sulfides such as bis(mercaptomethyl) sulfide, bis(mercaptoethyl) sulfkje, bls(mercaptopropyl) sulfide, bis(2-mer- 
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captoethylthio)methane, bis(3-mercaptopropylthio)methane, 1 ,2-bis(2-mercaptoethylthio)ethane, 1 ,2-bis(3-mercapto- 
propylthio)ethane, 1 ,3-bis(2-mercaptoethylthio)propane, 1 ,3-bis(3-mercaptopropylthjo)propane, 1 ,2,3-tris(2-mercap- 
toethylthio)-propane, 1,2,3-tris(3-mercaptopropylthio)propane, 1,2-bis[(2-mercaptoethyl)thio]-3-mercaptopropane, 
4,8-dimercaptomethyl-1 ,11 -dimercapto-3,6,9-trithiaundecane, 4,7-dimercaptomethyl-1 ,11 -dimercapto-3,6,9-trithiaun- 
decane, 5,7-dimercaptomethyl-1 ,11 -dirnercapto-3,6,9-trithiaundecane, tetrakis(2-mercaptoethylthiomethyl)methane, 
tetrakis(3-mercaptopropylthiomethyl)-methane, bis(2,3-dimercaptopropyl) sulfide, bis(1 ,3-dlmercaptopropy!) sulfide, 
2,5-dimercapto-1 ,4-dithiane, 2,5-dlmercaptomethyl-1 ,4-dithiane, 2,5-dimercaptomethyl-2,5-dlmethyl-1 ,4-dithlane, bis 
(mercaptoethyl) disulfide and bis(mercaptopropyl) disulfide as well as their thioglycolates and mercaptopropionates; 

aliphatic potythiol connpounds containing a sulfur atom in addition to a mercapto group such as hydroxymethyl- 
sulfide bis(2-mercaptoacetate), hydroxymethylsulfide bls(3-mercaptopropionate), hydroxyethytsutfide bis(2-mercap- 
toacetate), hydroxyethylsulfide bis(3-mercaptopropionate), hydroxypropylsulflde bls(2-mercaptoacetate), hydroxypro- 
pylsulfide bis(3-nriercaptoproptonate), hydroxymethyldisulfide bis(2-mercaptoacetate), hydroxymethyldisulfide bis 
(3-mercaptopropionate), hydroxyethyldisulfide bis(2-mercaptoacetate), hydroxyethyldisulfide bls(3-nnercaptopropion- 
ate), hydroxypropyldisulfide bis(2-mercaptoacetate), hydroxypropyldisulfide bis(3-mercaptopropionate), 2-mercap- 
toethylether bis(2-mercaptoacetate), 2-mercaptoethylether bls(3-mercaptoproplonate), 1 ,4-dithiane-2,5-diol bis 
(2-mercaptoacetate), 1 ,4-dlthiane-2,5-dlolbis(3-mercaptopropionate), bis(2-mercaptoethyl) thiodiglycolate, bis(2-mer- 
captoethyl) thiodlpropionate, bis(2-nnercaptoethyl) 4,4-thlodibutyrate, bis(2-fnercaptoethyl) dithiodiglycolate, bis 
{2-mercaptoethyl) dithiodiproplonate, bis(2-mercaptoethyI) 4,4-dithiodlbutyrate, bis(2,3-dimercaptopropyl) thiodiglyco- 
late, bis(2,3-dinnercaptopropyl) thiodlpropionate, bis(2,3-dinnercaptopropyl) dithioglycolate and bis(2,3-dimercaptopro- 
pyl) dithiodiproplonate; 

heterocyclic compounds containing a sulfur atom In addition to a mercapto group such as 3,4-thlophenedithiol 
and 2,5-dimercapto-1 ,3,4-thiadiazole; and 

compounds containing a hydroxy group in addition to a mercapto group such as 2-mercaptoethanol, 3-mercapto- 
1 ,2-propanediol, glyceric di(mercaptoacetate), 1-hydroxy-4-mercaptocyclohexane, 2,4-dimercaptophenol, 2-mercap- 
tohydroquine, 4-mercaptophenol, 3,4-dimercapto-2-propanol, 1 ,3-dimercapto-2-propanol, 2,3-dimercapto-1 -propanol, 
1,2-dimercapto-1,3-butanediol, pentaerylhrltol tris(3-mercaptopropionate), pentaerylhritol mono(3-mercaptopropion- 
ate), pentaerythritol bis(3-mercaptopropionate), pentaerythrltol tris(thioglycolate), dipentaerythritol pentakis(3-mercap- 
topropionate), hydroxymethyl tris(mercaptoethylthk>methyl)methane and 1-hydroxyethylthio-3-mercaptoethylthioben- 
zene. 

[0054] Such a thiol compound or a compound represented by general fomnula (2) may be converted using an oxidizing 
agent such as chlorine, bromine, hydrogen peroxide and sodium hypochlorite into a disulfide compound as a precursor 
of a desired thiol compound. 

[0055] The precursor of a desired thiol compound may be converted into the thiol compound by deprotection such 
as hydrolysis, alcoholysis and reduction, i.e., conversion of -S-R2 into -SH, depending on the type of a protective group. 
Specifically, deprotection may be conducted by hydrolysis or alcoholysis when -S-R^ is thioester or thiourethane; and 
by reduction when -S-R^ is disulfide. A thiol compound prepared according to this invention may be a raw material for 
preparation of an episulflde compound and for a resin used In an optrcal element such as a plastic lens. In particular, 
the compound may be suitably used in an eyeglass lens with a higher refractive index. In such an application, the 
compound is preferably a polythiol compound having at least two intramolecular mercapto groups. Particularly, a pol- 
ythiol compound represented by general formula (1) may be prepared with a higher yield by applying a process of this 
invention. 

[0056] This invention will be more specifically described. 

[0057] Physical properties for a resin prepared by polymerization were evaluated by the following methods. 

(1) A refractive index (nd) and Abbe number (vd): 
measured at 20 ®C using a Pulfrich refrac^ometer. 

(2) Heat resistance: Tg was measured by TMA penetration method (load: 50 g, pinpoint: 0.5 mm^, temperature- 
programming rate: 10 *C). 

(3) Impact resistance: according to USA FDA standards, a falling ball test was conducted by falling a 16 g steel 
ball on a lens with a center thtekness of 1 .0 mm from the height of 127 cm. The results were rated to one of three 
grades; A: no change, C: steel ball penetration and B: star crack. 

Example 1 

Preparation of acetylthiomethytthiot {HS-CH2-S-COCH3) 

[0058] In a 3 L flask equipped with a stirring blade, a thermometer, a reflux condenser and a drain cock was placed 
413 g of dtbromomethane (2.38 mol) which was kept at 40**C. To the mixture was added dropwise a solution of sodium 
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thioacetate (1 291 .8 g, 4.8 mol) over 6 hours and then the mixture was aged for 3 hours. To the mixture was added 1 .2 
L of water and then extracted organic matter with 1 L of chlorof onn several times. 

[0059] Chlorofomn and components with a lower boiling point were removed by evaporation to give bis(acetylthlo) 
methane (CH2-{S-COCH3)2). 

[0060] Then, In a 2 L flask equipped with a stim'ng blade, a thermometer, a reflux condenser and a drain cock were 
placed 370 g of bis(acetylthio)methane thus obtained (88 % purity, 2 mol). 98.0 g of methanol (3 mol) and 7.6 g of p- 
toluenesulfonic acid (0.04 mol), and the mixture was reacted at 60 •C for 8 hours. The phases were separated by 
adding appropriate amounts of water and chloroform, and the chlorof omi phase was washed with water several times. 
After removing chlorofomn and components with a lower boiling point by evaporation, the residue was distilled at a 
reduced pressure (2.1 kPa, 80<*C) to give 176.0 g of acetylthiomethytthiol (1 .4 mol). 

[0061] In its IR spectmm obtained using FTIR-8300 (SIMADZU), there were observed characteristk: absorptions of 
thiol at 2538.1 crrr^ and of carbonyl at 1689.5 cm-i. 
Mass Spectrum: m/z = 122 (M-*^); 



Elemental analysis: 


Observed 


C:29.5%; 1 H:4.8%; 


S: 52.3 % 


Cateulated 


C:29.5%; j H:5.0%; 


S: 52.5 % 



Preparation of 1 ,1 ,3,34etrakis-(mercaptomethylthio)propane 

[0062] In a 2 L flask equipped with a stirring blade, a thermometer, a distillation column, a nitrogen-inlet capillary and 
a drain cock were placed 164.2 g of 1 ,1 ,3,3-tetramethoxypropane (1 mol), 488.8 g of acetylthiomethylthiol (4 mol) and 
7.6 g of p-toluenesulfonic acid (0.04 mol), and while keeping a vacuum of 1 kPa or less, the mixture was heated at 55 
to 60 *C with stirring. Heating was continued for about 5 hours until methanol distillation ceased. After cooling, breaking 
vacuum and then replacing the distillation column with a reflux condenser, to the mixture were added 400 mL of meth- 
anol and 400 mL of chlorofonm. The mixture was heated at 60 for alcoholysis to fomri desired 1 ,1 ,3,3-tetrakis(mer- 
captomethylthio)propane represented by the following fomnula (hereinafter, referred to as Compound (A)). 

HS^ ■ ^SH 

H^C— S S— CHg 

HS SH 

[0063] After adding appropriate amounts of water and chlorofonm, the phases were separated and the chlorofomn 

layer was washed with water several times. After removing chlorofonm and components with a lower boiling point by 

evaporation, the residue was filtrated through a 3 ^ Teflon® filter to give 340.0 g of Compound (A). 

[0064] The satisfactorily high yield was obtained, i.e., 95.3 % from 1 , 1 ,3,3-tetramethoxypropane. 

[0065] In its IR spectrum obtained using FTIR-8300 (SIMADZU), there was observed a characteristic absorption of 

mercapto at 2538.1 cnrr^ 

Mass Spec^m: w/z = 356 (M^); 
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Elemental analysis: 


Observed j C: 23.5 %; j H: 4.6 %; 


S: 71.9% 


Cateulated 1 C:23.6%; | H:4.5%; 


S: 71.9% 



Example 2: Preparation of 1 ,1 ,2,2-tetrakis-(mercaptomethylthio)ethane 

[0066] In a 2 L flask equipped with a stirring blade, a thermometer, a distillation column, a nitrogen-inlet capillary and 
a drain cock were placed 150.2 g of 1 ,1 ,2,2-tetramethoxyethane (1 mol), 488.8 g of acetylthiomethylthiol (4 mol) and 
7.6 g of p-toluenesutfonk: acid (0.04 mol), and while keeping a vacuum of 1 kPa or less, the mixture was heated at 55 
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to 60 with stirring. Heating was continued for about 5 hours until methanol distillation ceased. After cooling and 
brealcing vacuum, to the mixture were added 400 mL of methanol and 400 mL of chlorofonm. TTie mixture was heated 
at 60 for alcoholysis to form desired 1 ,1 ,2,2-tetrakis(mercaptomethylthio)ethane represented by the following for- 
mula (hereinafter, referred to as Compound (B)). 

HS^ ^SH 



HC— CH 



H^C— \— CH^ 
HS SH 
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[0067] After adding appropriate amounts of water and chlorofomn, the phases were separated and the chlorofomi 
layer was washed with water several times. After removing chloroform and components with a tower boiling point by 
evaporation, the residue was filtrated through a 3 ^m Teflon® filter to give 321 .1 g of Compound (B). 
^ [0068] The satisfactorily high yield was obtained, i.e., 93.7 % from 1 ,1 ,2,2-tetramethoxyethane. 

[0069] In its IR spectrum obtained using FTIR-8300 (SIMADZU), there was observed a characteristic absorption of 
mercapto at 2522.7 cnr^. Mass Spectrum: m/^ = 342 (M+); 



Elemental analysis: 

Observed I C:20.8%; j H:4.2%; j S:75.9% 

1 1 ! 

Calculated ! C:21.0%; I H:4.1%; i S:74.9% 



Example 3: Preparation of 1 ,2,7-trimercapto-4,6-dithiaheptane 

30 

[0070] In a 500 mL reaction flask were placed 200 g of bis(mercaptomethyl) sulfide (1 .58 mo!) and 1 6.2 g of triethyl- 
amine (0.1 6 mol), and then to the mixture was added dropwise 1 67.8 g of 3-mercaptopropylene sulfide (1 .58 mo!) over 
1 hour at 0 to 1 0 *C. After addition, the reaction was aged at 20 to 25 *C for 3 hours. The reaction mass was extracted 
with 1000 mL of chlorofomi. The extract was washed with 60 g of 35 % HCI aq. (0.58 mol) and then 300 mL of water 
^ three times. The chlorofonm solution was concentrated in vacuo to 365.0 g (1 .57 mol) of desired 1 ,2,7-trimercapto- 
4,6-dithiaheptane (hereinafter, referred to as Compound (C)). 

[0071] The product was identified as the desired Compound (C) by the following methods: 



I R spectroscopy (Fig. 1 ) 
Mass Spectroscopy (Rg.2) 

^H-NMR (Fig .3, assignment of each hydrogen is illustrated below) 
- ^3C-NMR(Fig.4). 



45 




c 



Example 4: Preparation of 1 ,2,9-trimercapto-4,6,8-trithlanonane 

[0072] In a 500 mL reaction flask were placed 200 g of 1,5-dimercapto-2,4-dithiapentane (1 .16 mol) and 12.1 g of 
triethylamine (0.12 mol), and then to the mixture was added dropwise 123.2 g of 3-mercaptopropylene sulfide (1 .16 
mol) over 1 hour at 0 to 10 ^C. After addition, the reaction was aged at 20 to 25 **C for 3 hours. The reaction mass was 
extracted with 1000 mL of chlorofomi. The extract was washed witii 60 g of 35 % HCI aq. (0.58 mol) and then 300 mL 
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of water three times. The chtoroform solution was concerttrated in vacuo to 306.5 g (1 .10 mol) of desired 1 ^,9-trimer- 

capto-4,6,8-trithlanonane (hereinafter, referred to as Compound (0)). 

[0073] The product was identified as the desired Compound (D) by the following methods: 

5 . IR spectroscopy (Fig.5) 

Mass Spectroscopy (Fig.6) 

1H-NMR (Fig.7, assignment of each hydrogen is illustrated below) 
- 13C-NMR (Fig.8). 

10 
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Example 5 

20 [0074] To 44.7 g of bis(isocyanatomethyl) sulfide (hereinafter, referred to as Compound (E)) were added 30 mg of 
dibutyltin dichloride (hereinafter, referred to as Compound (F)) as a catalyst, 150 mg of "Zelec UN" CTrade Nanne, 
Stepan Co. Ltd., acidic alkyl phosphate; hereinafter, referred to as Compound (G)) as an internal mold release agent 
and 50 mg of "VIOSORB® 583" (Trade Name, Kyodo Yakuhin Co. Ltd.; hereinafter, referred to as Compound (H)) as 
a UV absorber to give a mixed solution. To the solution was added 55.3 g of Compound (A), and the mixture was 

25 sufficiently mixed to give a monomer mixture. After degassing at 0.6 kPa for 1 hour, a part of the monomer mixture 
was injected into a lens mold, gradually heated from 40 ""C to 1 30 ""C and cured for 20 hours. After cooling, the glass 
mold was removed to give a lens. The lens was colorless and transparent, and turbidity was not observed when passing 
light through the lens using a slide projector in a dark room. It exhibited good optical properties (refractive index (nd): 
1 .705 and Abbe number (vd); 32); and good heat resistance (Tg point: 1 07.8 '^C). Its impact resistance was rated to "A". 

30 

Example 6 

[0075] To 51 .4 g of m-xylyelnediisocyanate (hereinafter, referred to as Compound (I)) were added 30 mg of Com- 
pound (F) as a catalyst, 150 mg of Compound (G) as an internal mold release agent and 50 mg of Compound (H) as 

35 a UV absorber to give a mixed solution. To the solution was added 48.6 g of Compound (A), and the mixture was 
sufficiently mixed to give a monomer mixture. After degassing at 0.6 kPa for 1 hour, a part of the monomer mixture 
was injected Into a lens mold, gradually heated from 40 ^C to 130 *C and cured for 20 hours. After cooling, the glass 
mold was removed to give a lens. The lens was colorless and transparent, and turbidity was not observed when passing 
light through the lens using a slide projector in a dark room. It exhibited good optical properties (refractive index (nd): 

40 1 .683 and Abbe number (vd): 30); and good heat resistance (Tg point: 1 1 3 .2 *C). Its impact resistance was rated to "A" . 

Example 7 

[0076] To 45.7 g of Compound (E) were added 30 mg of Compound (F) as a catalyst, 150 mg of Compound (G) as 
45 an internal mold release agent and 50 mg of Compound (H) as a UV absorber to give a mixed solution. To the solution 
was added 54.3 g of Compound (B), and the mixture was sufficiently mixed to give a monomer mixture. After degassing 
at 0.6 kPa for 1 hour, a part of the monomer mixture was Injected into a lens mold, gradually heated from 40 **C to 130 
*^C and cured for 20 hours. After cooling, the glass mold was removed to give a lens. The tens was colorless and 
transparent, and turbidity was not observed when passing light through the lens using a slide projector in a dark room. 
50 It exhibited good optk^al properties (refractive index (nd): 1 .721 and Abbe number (vd): 32); and good heat resistance 
(Tg point: 108.5 •C). Its impact resistance was rated to "A". 

Example 8 

55 [0077] To 52.4 g of Compound (I) were added 30 mg of Compound (F) as a catalyst, 150 mg of Compound (G) as 
an internal mold release agent and 50 mg of Compound (H) as a UV absorber to give a mixed solution. To the solution 
was added 47.6 g of Compound (B), and the mixture was suff k:tently mixed to give a monomer mixture. After degassing 
at 0.6 kPa for 1 hour, a part of the monomer mixture was injected into a lens mold, gradually heated from 40 ^C to 130 



14 



EP 1 138 670 A1 



"^C and cured for 20 hours. After cooling, the glass mold was removed to give a lens. The lens was colorless and 
transparent, and turbidity was not observed when passing light through the lens using a slide projector in a dark room. 
It exhibited good optical properties (refractive index (nd): 1 .699 and Abbe number (vd): 30); and good heat resistance 
(Tg point: 1152 '^C). Its impact resistance was rated to "A". 

5 

Example 9 

[0078] A mixture of 20.5 g of Compound (C) (O.OSBmol), 24.9 g of Compound (I) (0.132 mol), 9.1 mg of Compound 
(F) (200 ppm) as a curing catalyst, 22.7 mg of 2-(2-hydroxy-5-t-octylphenyi)benzotriazoie (hereinafter, referred to as 
10 Compound (J)) (500 ppm) as a UV absorber and 68 mg of di(1 -(1 -(1 -n-butoxy-2-propoxy)-2-propoxy>-2-propyl)phos- 
phoric acid (hereinafter, referred to as Compound (K)) (1500 ppm) as an internal mold release agent was homogene- 
ously mixed and dissolved with degassing under a reduced pressure, and then injected into a mold consisting of a 
glass mold and a gasket. 

[0079] The mixture was reacted by gradually heating the mold from 40 ""C to 130 ""C and cured for 20 hours. After 
IS polymerization, the mold was gradually cooled, and a polymer was removed from the mold. 

[0080] The urethane lens thus obtained was transparent, and exhibited a refractive index of 1 .681 , an Abbe number 
of 32, a heat resistance of 91 "C and Impact resistance rated to "A". 

Example 10 

20 

[0081] Polymerization was conducted as described in Example 9 except using 24.5 g of Compound (D) (O.OSBmol), 
24.9 mg of Compound (I) (0.132 mol). 9.9 mg of Compound (F) (200 ppm), 24.7 mg of Compound (J)(500 ppm) and 
74.1 mg of Compound (K) (1500 ppm) to give a polymer 

[0082] The urethane lens thus obtained was transparent, and exhibited a refractive index of 1 .685, an Abbe number 
25 of 32, a heat resistance of 83 **C and impact resistance rated to "A". 

Example 11 

[0083] A mixture of 20.5 g of Compound (C) (0.088mol), 1 9.0 g of Compound (E) (0.132 mol), 7.9 mg of Compound 
30 (F) (200 ppm) as a curing catalyst, 20.0 mg of Compound (J) (500 ppm) as a UV absorber and 59.3 mg of Compound 
(K) (1500 ppm) as an Internal mold release agent was homogeneously mixed and dissolved with degassing under a 
reduced pressure, and then injected into a mold consisting of a glass mold and a gasket. 

[0084] The mixture was reacted by gradually heating the mold from 40 *C to 130 "C and cured by heating for 20 
hours. After polymerization, the mold was gradually cooled, and a polymer was removed from the mold. 
35 [0085] The urethane lens thus obtained was transparent, and exhibited a refractive Index of 1 .700, an Abbe number 
of 32, a heat resistance of 87 ""C and impact resistance rated to "A". 

Example 12 

40 [0086] Polymerization was conducted as described in Example 1 1 except using 24.5 g of Compound (D) (O.OBSmol), 
19.0 mg of Compound (E) (0.132 mol), 8.7 mg of Compound (F) (200 ppm), 21 .8 mg of Compound (J) (500 ppm) and 
65.3 mg of Compound (K) (1500 ppm) to give a polymer. 

[0087] The urethane lens thus obtained was transparent, and exhibited a refractive index of 1 .706, an Abbe number 
of 31 , a heat resistance of 82 •C and impact resistance rated to "A". 

45 

Comparative Example 1 

[0088] To 44.0 g of Compound (E) were added 15 mg of Compound (F) as a catalyst, 150 mg of Compound (G) as 
an intemal mold release agent and 50 mg of Compound (H) as a UV absorber to give a mixed solution. To the solution 

50 was added 56.0 g of a mixture of 4,8-dimercaptomethyl-1 ,11 -dimercapto-3,6,9-trithiaundecane, 4,7-dimercaptomethyl- 
1 ,11-dimercapto-3,6,9-trithiaundecane and 5,7-dimercaptomethyl-1 ,11-dimercapto-3,6,9-trithiaundecane (hereinafter, 
referred to as Mixture (L)), and the mixture was suffk^iently mixed to give a monomer mixture. After degassing at 0.6 
kPa for 1 hour, a part of the monomer mixture was injected into a lens mold, gradually heated from 40 •C to 130 "C 
and cured for 20 hours. After cooling, the glass mold was removed to give a lens. The lens was coloriess and trans- 

55 parent, and turtDidity was not observed when passing light through the lens using a slide projector in a dari< room. It 
exhibited a refractive index (nd) of 1 .680, an Abbe number (vd) of 34, a heat resistance (Tg point) of 92.5 ""C and impact 
resistance rated to "A". 

[0089] The lens had comparable impact resistance, but inferior optical properties and heat resistance to that in Ex- 
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ample 5. 

Comparative Example 2 

[0090] A mixture of 22.9 g of {1 ,2-bis((2-mercaptoethyl)thio)-3-mercaptopropane) (hereinafter, referred to as Com- 
pound (M)) (0.088mol), 24.9 g of Compound (I) (0.132 mol), 9.6 mg of Compound (F) (200 ppm) as a curing catalyst, 
24.0 mg of Compound (J) (500 ppm) as a UV absorber and 72.0 mg of Compound (K) (1500 ppm) as an internal mold 
release agent was homogeneously mixed and dissolved with degassing under a reduced pressure, and then injected 
into a mold consisting of a glass mold and a gasket. 

[0091] The mixture was reacted by gradually heating the mold from 40 '^C to 130 **C and cured by heating for 20 
hours. After polymerization, the mold was gradually cooled, and a polymer was removed from the mold. 
[0092] The urethane tens thus obtained was transparent, and exhibited a refractive index of 1 .665, an Abbe number 
of 32, a heat resistance of as X and Impact resistance rated to "A". The lens exhibited a lower refractive index than 
those in Examples 5 to 12. 

Comparative Example 3 

[0093] To 1 00.0 g of bis(2,3-epithiopropyl) sulfide was added 0.2 g of N,N-dimethylcyclohexylamine and the mixture 
was well mixed. After degassing at 0.6 kPa for 0.5 hours, the mixture was injected into a lens mold. The mold was 
gradually heated from 30 *C to 120 **C, and cured for 24 hours. After cooling, the glass mold was removed to give a 
lens. The lens thus obtained was colorless and transparent, and turiaidity was not observed when passing light through 
the lens using a slide projector in a daric room. Its optical properties were a refractive index (nd) of 1 .701 and an Abbe 
number (vd) of 36. It exhibited a heat resistance (Tg) of 82.0 •C and impact resistance rated to "C". 
[0094] The lens exhibited inferior impact resistance to those in Examples. 
[0095] The results In Examples 5 to 12 and Comparative Examples 1 to 3 are shown In Table 1 . 
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Claims 

1 . A potymerizabie composition comprising (a) at least one potythiol compound represented by general formula (1 ): 
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R.(SCH2SH)„ (1) 

where R is an organic residue which is not an aromatic group and n is an integer of at least 1 . having at least two 
5 nnercapto groups; and (b) at least one compound having a functional group which can react with a mercapto group. 

2. The polymerizable composition of claim 1 wherein at least one said compound having a functional group which 
can react with a mercapto group is a compound having at least one isocyanate or Isothlocyanate group. 

3. The polymerizable composition of daim 1 or claim 2 wherein at least one said compound having a functional group 
which can react with a mercapto group Is a compound having at least one epoxy or episulflde group. 

4. The polymerizable composition of any preceding daim wherein at least one said compound having a functional 
group which can react with a mercapto group is a compound having at least one unsaturated bond which can react 

f^ with a mercapto group. 

5. A poiythiot compound represented by general fomiula (1 ): 

2o R-(SCH2SH)„ (1) 

where R is an organic residue which is not an aromatic group and n is an integer of at least 1 , having at least two 
mercapto groups. 

6. The composition or polythiol compound as claimed in any preceding claim wherein R in general fonmula (1 ) is an 
organic residue selected from aliphatic, alicydic and heterocyclic radicals optionally containing a sulfur atom in 

their chain or ring. 

7. The composition or compound as claimed in claim 6 wherein R in general formula (1 ) is a straight organic residue 
^ optionally having a sulfide or polysulfide bond. 

8. The composition or compound as daimed in claim 6 wherein R in general fomiula (1 ) is a branched organic residue 
optionally having a sulfide or polysulfide bond. 

^ 9. The composition or compound as claimed in claim 6 wherein R in general formula (1 ) is a cyclic organic residue 
optionally having a sulfide or polysulfide bond. 

10. The composition or compound as claimed in claim 6 wherein the compound represented by general formula (1) 
is a compound having at least one intramolecular dithioacetal skeleton. 

40 

11. The composition or compound as claimed in claim 10 wherein the compound represented by general formula (1) 
is selected from: 1 ,1 ,3,3rtetrakis(mercaptomethylthio)propane; 1,1,2,2-tetrakis(mercaptomethylthio)ethane; 
1 .2,74rimercapto-4,6-dithiaheptane; and 1 ,2,9-trimercapto-4,6,8-trithlanonane. 

12. A resin prepared by polymerising the polymerizable composition as claimed in any of claims 1 to 4 and claims 6 
toll. 

13. The resin as daimed in daim 12 having a refractive index (nd) of 1 .67 or more. 

14. An optical element made of the resin as daimed in daim 12 or 13. 

15. A lens consisting of the optical element as claimed In claim 14. 

16. A process for preparing a thiol compound comprising the steps of reacting a compound represented by general 
^ fomnula (2): 
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HS-R'(-S-R^)„ 



(2) 



where m is an integer of at least 1 ; represents an aromatic, aliphatic, alicyclic or heterocyclic organic residue 
5 or aliphatic, alicyclic or heterocyclic organic residue with an aromatic ring or a sulfur atom in Its chain; and R^ 

represents a protective group, with a compound having a functional group which can react with a mercapto group, 
and then converting -S-R^ into -SH. 

17. The process as claimed in daim 16 wherein R^ in general fomnula (2) is a straight aliphatic organic residue. 

10 

18. The process as claimed in daim 17 wherein R** in general formula (2) Is methylene. 

19. The process as claimed in claim 1 7 wherein R^ in general fomnula (2) is a straight aliphatic organic residue having 
a sulfide bond, a polysulfide bond or an aromatic ring in its chain. 

IS 

20. The process as claimed in claim 16 wherein R^ in general fonmula (2) Is a branched aliphatic organic residue 
optionally having a sulfide bond, a polysulfide bond or an aromatic ring in its chain. 

21. The process as daimed in claim 16 wherein R^ in general fomnula (2) is an alicyclic organic residue optionally 
^ having a sulfide bond, a polysulfide bond or an aromatic ring in its chain. 

22. The process as claimed in daim 16 wherein R^ in general formula (2) is an aromatic residue. 

23. The process according to any of claims 1 6 to 22 wherein -S-R^ in fomnula (2) is a thioester group and the compound 
Is reacted with the compound having a functional group which can react with a mercapto group and a product is 
then subjected to hydrolysis and alcoholysis. 

24. The process according to any of claims 16 to 22 wherein -S-R^ in fomnula (2) is a thiourethane group and the 
compound is reacted with the compound having a functional group which can react with a mercapto group and a 

^ product Is then subjected to hydrolysis and alcoholysis. 

25. The process according to any of daims 16 to 22 wherein -S-R^ is disulfide group and the compound Is reacted 
with the compound having a functional group which can react with a mercapto group and a product is then subjected 
to reduction. 

35 

26. The process of any of claims 16 to 25 wherein the compound having a functional group which can react with a 
mercapto group is selected from: 

(a) an acetal, ketone or aldehyde which can fonn a dithioacetal structure after reaction with a mercapto group; 
40 (b) a (thio)epoxy compound; 

(c) a compound having an unsaturated bond which can react with a mercapto group; 

(d) an iso(thio) cyanate compound; or 

(e) a thiol compound which can form a disulfide bond by oxidation. 

45 27. The process of any of claims 16 to 26 wherein the thiol compound is a polythiol compound having at least two 
intramolecular mercapto groups. 
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